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(ST) Abstract: A metrology for delennlnlng bias or overiay error in tithognphic processes. This metrology incloda a set of diffiac- 
tioo test patterns, optica] inspection techniques by using spectroscopic eliipsomeCer orreflectomet&r, a method of test pattern profile 
extiQdion. The invcntioo uses a set of diffiectioo gntiqgj (10) as the lest patxans, and thin film metrology eqmpmeat, toch as 
spectroscopic eDipsODeter or spectroscopic lefleclometcL Tlie profiles of to 
()vcriay inforaiation aro obtained after prooessiiv the profile data, b a firrt aspect o 
test patterns stractun is disclosad in which a second layer mask b placed in the ceo 

aspect of Che invention, a Une-oo-lhie overiay gntbg test patterns stractwe is disclosed in which a second layer mask is placed In 
the center of a daik line in the first mask. 
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Grating Test Patterns and Methods for Overlay Metrology 

5 Field of the Invention 

The present iiiveatioa relates generality to piedision optical measurement of the ' 
tm process layers olx a semiconductor mfisr, and more particolarly to a set of diffiacdon 
grating test patterns that aire used in combination witii rigorous dif&actioa grating 
analysis. 

10 Efescaiotton of Related Art 

litbog^hy continues to be* the key enabler and driver for semiconductor 
industry. Metrology equipment and mediod for critical dimension (CD) and overlay 
control are the key elements of the lithography infiastructure. Overly and CD control 
over large field sizes will continue to be a major concern for sub-lOOmn litfaogn^hy. 

1$ Overly requirements are among the most difficult technical challenge m lithography. 

The main contributors to overlay enor are die' stage» alignment system ^aod 
distortion signature. Errors can be brokoi dora into stage motion.or wafer uligntiifwt 
errors such as placement and rotation inaccurades and field enob like errors on die 
reticle and in camera magnification. These errors are correctable. Pincushion or barrel 

20 distortions, third-order field errors, are not correctable. The overlay errors must be 
routinely diaracterized for a given exposure tooL Three fimdameotal components of 
overlay are the alignment target detection c^bility, the stage positioning accuracy and 
precision, and the difference in lens distortion between twd tools used to expose 
overlaying process layers. 

1 
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Technologies miJned for overiay measuiement indiide eLectrical tesf, .mnnit^ 
elecboQ mictosoope (SH^, and optical microscope. Cohoence probe microscopy 
(GPM), by adding an intetfi»qnieter to die microsn^ enables pbas&tesed 
measurements that can pick up subde diffiteoces in index of refiaetion and topogtapfay. 
Optical microscope tecfaudogy has been Ihe dominant measuremeot tedmlque. 

Chrtrfay targete oBem are variations of box-in-a4)ox. The center of eadi box is 
cdcUlated independently, and a diffaenoc between them is detennined Some meti^ 
tools measure ovseday eitor as a combination of Enowidth measuremeals. To incre^ 
contrast, Oe boxes can be replaced witii combinations of bars and ftames, \rfuch add 
structure at the targefsperinuto by providing tvvo edges inslB^ Ashortcoming 
is that there is no practical standard for overlay. Therefore, a true value for any particular 
overiay target is not known. Some fibs mi^ periodicaUy look at cn^ sections or make 
comparisons to electrical parameters, but this is time consuming and relegated to 
di a r artft ri Tation environmenl, rather than in production. 

Alignment target dttection became a diow-stopper for mai^ e34>osure toob vnOi 

the proliferation of Off levels, where very planaiized metal li^ present considerable 

challenges to finding and measuring a targe's position. 

One conveoitioDai solution uses a box-in-box test patton. The details of Ois 

conventional solddon is described in a section, for example, entitled 'Semiconductor 

Pattern OveriajT in fbt Handbook of Critical Dimensions Metrology and Process Control. 

SPIE, voL CR52, 1994, pp. 160-188. 
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Several diortcoixiuig^ of oonveational solutions iaclude» asynmcby of patterned 
line profile, abeaations in the illumination and imaging optics, inidi^ual test pattern, 
image sampling, and for polished iayets, the sigpal-to-aoise (S/N) ratio In prior aits eaa 
. be poor and affected by contrast variations in iSlmtldekness. 
5 Acoordin^y, it is desirable to have a method and system for grating overly 

pdttems that are £Bist and flexible. 

SUMMARY OF THE INVENTION 

the invrationi uses a set of difBraction gratings as the test pattons, and fbinfilmi 

metrology equq»ment, such as spectroscopic ellipsomet^ and &pectrdsoopic reflectometer. 

10 the profiles of the test , patterns in die two successive layers axe analyzed. Overlay 

infdroiation are obtained afier processing the profile data. In a first sspccL of the 

inventioii, a line-on-line overlay grating test patterns structure is disclosed in ^ch a 

second byer inadc is placed in die center of a clear line in a first hyer nuisL In a second 

aspect of ti)e invention, a line-iihline overlay grating test patterns structure is disclosed in 

IS ^ch a second kyer mask is placed in the center of a dark line in die first 

AdvantageoiiSly, the present invention uses a qiectxoscqinc ellipsometer or 

■ ^3ectroscopic reflectometer without the rkecessiiy ih requiring a highly precise focusing 

optical system. Moreover, die present inver^on provides overlay information of a test 

pattern which oonttdns at least 30 rqietitive structures. For example, based on one 

so rneasurem^t, the preserit invention provides an average overlay inforrtiation over at least 

30 samples. Furthermore, the present invention requires less precise wafer stage, so the 

metrology eqwpment is considerably cheap than those for prior arts. 

3 
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Otticr structiTO and methods are disdosed in the d^ed 
suinmaiy does not pwpoit to define Oe bveotion. Tlie invention is defined by the claims. 

BRIEP DESCIUOmON OF THE DRAWINGS 
FIG. L is a pictorial diagram aiustrating quad orientations of overlay pattoned 
5 grating lii^ in a(^idance\intfa the pieiseat invent 

FIGS. 2A-2E are process diagrams illustrating a line-on-line ovcday patterned 
gntfing in accordance vntfa the present invention. 

FIGS. 3A-3D are process diagrams of various examples of adding one or more 
layers in a line-on-line overlay patterned grating in accordance with the present invention. 
20 FIGS. 4A-« are process diagrams illustrating a line-m-line oval^ patterned 

grating in accordance widi the present mvenlion. 

FIGS. 5 A-5D are process diagrams of various examples of adding one more 
layeis in a ling-on-lme o valay patterned grating in accordance with the present mvcation. 

FIG. 6 is a process diagram iDustrating a first example of a linc-in-1^ 
IS accordance witiitiiepresost invention. 

FIGS. 7A-7B are graphical diagrams illustrating die ovedy measurement of (he 
Une-in-Iinc structure m HG. 6 udqg an ellipsometry in accordance wift tiie present 
invention. 

FIG. 8 is a proce® diagram ^illustrating a second example of a line^n-line 
20 stmcture in accordance witii the present invention. 
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IPIQS. 9A-$B axe g[q)hical diagraxhs Qlustiatiag the dveilay measurement of flie 
line-in-^line stnicluie in FIG. 8 tmng an ellipsometxy in acooxdance mOi the present 
invention. 

FIO. lOisapiocessdiagiam iiiustiatiqgafiistexan^ 
5 in aocc^dancKivitfatbe present i^ 

FIGS. IIA-IIB are graphical diagrams iiiustiating the overlay measurement of 
flie lineKm-line structure in FIG. 10 usiiig an eUipsomctiy in accordance with die presjmt 
' inv^oiL 

FIG. 12 is a process diagrani illustrating a second example of a- line-on-iine 
20 structure in accordance with the present inventioa 

FIGS. 13A-13B are graphical (fiagiams illustrafing the ovexiy measurement of die 
lin&oiHline stiuctutti in FIG. 12 usmg an ellipsometxy in aocorianoe with the pieseot 
inventioa 

DETAILED DESCIUFTION OF TBD£ PREFERRED £MBO 

IS FIG. I is a pictorial diagram illustrating the quad orientation of overlay pattnned 

gratings 10, mlh a gratuig A ll, a grating B 12. a gcating C13, and a gradng 14. The 

o'rientadon of the patterned grating lines m the present mvention is placed at 0, 90, -45, 

and 45 degrees. The grating A 11 is orthogonal with tttc gcatiiig B 12, and the gratmg C 

13 is.orthogoxial with the grating D 14. 

20 In the grating A 11, the overlay test pattern lines extend horizontally, widi the 

desirable ofi&et that is detected in an arrow direction 15. In the grating B 12, the overlay 

(est pattern line extends vertically^ with the desirable of&et that is detected m an arrow 

5 
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diiect]6nl6. In the gaiiiag C 13. ifec ovcrkv teat pattern lines ortcnHg HtagnnnUy ^fe a 
positive slope, \wth the desiia>le ofl&et that is dc^^ Inlhe 
grating D 14, the overlay test pattern lines extend diagonally wi& an^^ve sIope» with 
the desuable ofi&et Oat is detected in an anow diiection 18. An ordiogonal par can 
provide overlay information m any aicntation. Fortheimoie, an orthogonal pair can 
avoid loading^unloading of a wafer for different overly orientation lequixemeots. 

A made is a pattern tool vtduch contams patterns Oat can be transfaied to an 
entirB wafia: m one exposure. A mask is said to be a dark-field (or negative) tool, if the 
field (or background) areas are opaque, and to be a clear-field (or positive) tool is Oe 
field is transpeuent 

FIGS. 2A-2B are process diagrams illustrating a line-on-line overlay test structure. 
Here we use positive masks for flie illustration. FIO. 2A shows a first layer mask 20, wifli 
clear lines 20a, 20c 20e, arid 20g, and dadc Imes 20b. 20d, and 20£ The dark lines 20b, 
20d, and 20f are wider than the dear lines 20a, 20c, 20e, and 20g. FIG. 2B shows that 
the photorcast is patterned after the lithography development 21. Photoresist 21a. 2lb, 
and 21c arc patterned over the first layer mask 20. FIG. 2C shows th6t die material unda 
photoresist is patterned after the etch process 22 (note diat photoresist is removed^. PIG. 
2D shows the second lay^ mask 23, with clear lines 23a. 23c, 23e, and 23g, and dark 
lines 23b, 23d, and 23t The clear fines 23a, 23c, 23c and 23g are wider than Ae daric 
lines 23b, 23d, and 231 FIG. 2E shows photoresist is patterned on flie previous patterned 
I^er24. A d| 25 distance measures a gap fiom the left edge oftfae first dark line m the 
second mask to the left edge of the first dark line in the second mask; and a di 26 distance 



W602/D69390 



PCT/DS02A»648 



measures a g^p fiom the ed^ of the fiist daik line in Oie second mask to the rigfit 
edge of die fiist dadc line in Ae first mask. 

Theft can be some material Uyets between the second Uthogiap^ 
fiist etch pnicess. For exifmple;^ FIOS. 3A-3D are process diogiams of various exanqile^ 
5 of adding <Me or moxe layers in a line^n-lmeoveriay patterned grating. FIG. 3A shows 
a general structural diagram 30 with a first etch process 30a and die second lidsogR^fay 
processSOb. k a fiist type ofstnictiaal diagram 31 in HO. 3B, a material layer 31^ 
ihserted between the first eti^i process 30a and the s6condlxfiiograp^ Ina 
second type of stnictuial diagram 32 in FIG. 3Q a mat^ layer 32a is placed between 

JO the first etch process 30a and die second Utfaogn^y process 30b. In a diiid type of 
Structural diagnam 33 m FIG. 3D, two material layers 33a and 33b ate placed between die 
first etch process 30a and die second lidiogrsphy process 30b. 

HGS; 4A-4E are process diagrazns iUiikstratiiig a liiie4ri-line over^ 
Here we use positive masks for &e illustration. FIG. 4A shows a first layer mask 40, 

15 vddi clear lines 40a. 40(^ 40c, and 40g, and dariclmes 40b, 40d, and 40C ThedaxkUnes 
40b, 40d, and 40f are nanower than the clear lines 40a, 40c, 40e, and 40g. FIG. 4B 
shows that die photoreisist is pattenied after die Uthogrq)!^ develops Pliotoiedst 
41a, 41b, and 41c arte patterned over die first layer mask 40. FIG. 4C shows diat the 
material undo- photoresist is patterned after die etch process 42 (note that photoresist is 

20 - removed). FIG. 2D shows die second layer inask 43, widi dark lines 43a, 43c, 43e, and 

43g, and clear lines 43b, 43d, and 43L The daric Imes 43a, 43e, 43e, and 43g are wider 

dian die clear lines 43b, 43d, and 43r. FIG. 4E shows photoresist is patterned on die 

7 
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previous patterned lay& 44. A Xi 4S distance measuies a gap bom die left edge of die 
first dear line in tte second miask lb tlie left edg^ of the first clear line indie first mask, 
and a X2 4€ disbince measuring a gap from the li^ edge of tiie first clear line in the 
seooiid ni;^{& to fhe right edge of the first clear line in die first nia^ 
5 There can be some material kyeisb^ween the second li^ 

first etch process. For example, Figure SA-SD aie pnx;ess diagrams of various examples 
of addiog one or more kyexs in a line-in-line overlay patterned gr^^ FiO.SA8how8a 
genaal structural diagram 50 mth a first etdi process SOi and the second fithogr^y 
process SOb. In a first type of structural diagram 51 in FIG. 5B, a material layer 51a is 

JO iiiserted between the first etch process 50a and the second Uthography process 50b. Iha 
second type of stnictiital diagiamSZ in FIO. 5C^ a material layer S2a is placed between 
the first etch process 50a and the second lithography process SOb. hi a durd of 
structural diagram 53 inPIO. SD» two material layers S3a and 53b are placed betweendie 
first etch process Sda and die seccnd lidiography process SOb. 

2S The advantages provided by the orientation of patterned grating lines 10 are as 

fi>lloivs. First, for spectroscopic leflectometryy there is not need to change the wafo. 
OverlcQT results obtained at different orientation angle can help to reduce random enor*. 
Secondly, for spectroscopic ellipsorD[etiy» the information fiom -45 arid -K5 degree 
provide complete minimvmi reqtuiement for a overly metrology purpose^ widi out the 

20 requirement to reload wafer. And the infonriation from 0 or 90 degree provides the most 
accurate overlay data. 
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At eadi orientation, llw present hnreiitiOT has ^ 
-line-in-line" and ^ine^mJine" lest patterns. Tbe tfaeoieticai stodies aie shovm m 
foUowing sections. 

A codiplete 2- and 3-dimensional periodic proiBles can.be measured using phase 
5 and/or inleiisi^ infiwtaation fiom optical tMmiques such 

and reflectometiy, as described in a o^iending pat«^ appUcation entitled "Optical 
Piofflometiy for 2-D and 3-D Sub-Micron Periodic Features \Vith TTifee or More 
Material in ifae Periodic Layers", assigned to the same assignee, and accoided an 

appUcation number of : , is incocpoiated herein by 

Id rrfeience in its entire^. 

Simulatioins are petfolmed to support the concepts described above. In aU of tiie 
escan^les, it is sho^n that a lOnm overiay emr can be detected with the presented 
inv<aition. no. 6 is a piocess diagram iUustiatihg a first example of a Une-io-Iine 
structure60. A resist 61 is placed ia between a PoIySiOatid a Po|ySi <3. Tliepitdi is 
IS 600 nm fiom the left edge of the PolySi 62 to the left edge of the PolySi 63. If x, » 150, 
and ;^ - 150. Oeii die re^ 61 would be positioned in the center between the PolySi 62 
iind the PolySi 63. If the resist 61 moves 5 nm to the left, then X| = 145, and X2= 155. 
Or, if tiie resist 61 moves 5 nin to die dien. then xt « 155, and J52= 145. FIOS. 7A- 
7B are graphical diagrams illustrating the overiy measurement of the Ime-in-line structure 
'20 in FiO. 6 using an ellipsometiy. 

FIG. 8 is a process diagram illustrating a second example of a lin&4n-line 
.sfeuctyiem_In.this.cxariiple,-befo« placid the resist 61rdielectric layers 81 and 82 are 

9 
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dqposited in between tbe PolySi 62, and die PolySi fi3, foUoiwed by CMP (diieniical 
mechabical polishing) planarization. Although ed^ for the PolySi 62 and die PolySi 63, 
arc not long^ detectable due to the fill-in of dielectric layers 81 and 82, the present 
invention can still detect the oveday since it is not dependent oa detecdon of edg^ 
5 FIGS. 9A-9B are graphical diagrams illustradng die ovedy measurement of die line-in- 
line structure in FIG. 8 using an ellipsometiy. 

FIG. 10 is a pRK^ diagram illustradng a first example ofaline<)n-line structure 
100.; vvidi distance di 101 and 42 102. FIGS. 1 1 A-1 IB are gr^hicai diagrams illustrating 
the overly measuremciit of die line-on-line structure in FIG. 10 u^ng an elUpsometry in 

10 accoidazice with the present invendon. 

FIG. 12 is a process diagFGml illustrating a second exan^le of a line-on-line 
structure 120, ividi dielectric layers 121 and 122. FIGS. 13A-13B are graidncal diagrams 
illustratiiig the overly measurement of die line-on-line structure in FIG. 12 using an 
dUps^metry in accordance vddi the present mvendoii. 

IS The line-in-line and line-on-line overlay measurements can be 

applied to single waVeleogdi variable incident angle opdcal metrology 
equipment. Additionally, die line-in-line and lineon-line overlay measurements can be 
applied to wy comtaioadon of single wavdengdi variable faiddent angle 
opdcal metrology equipment and multiple wavelength fixed incident angle 

20 optidal metrology equipm^t Fuidiermore, the Ime-in-line and line-on-line overlay 
measurements can be apjpUed to multiple wavdengtii multiple incident angle opdcal 
metrology equipment 
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The above embodimeuls are only illustxadve of die priiicq)1es of this inventioQ 
and are not int^ded to limit the inveodoa to die particular onbbdimenis described^ 
Accordingly, v^ous modificadons, adaptations, and combinadons of various feafiiies of 
the described embodiments can be practiced widxiut dq>arting fiom the scope of die 
invention as set forth in the Impended daims. 
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CLAIMS 

WE CLAIM: 

1. A line-on-line sCructuie^ comprising: 

a first ma^ having a plurality of dark lines and a plurality of dear lines, 
each dadc line being placed adjacent to dear line^ and 

a second mask having a plurality of dark lines and a plurality of dear lines* 
each dark line m the second mask being placed in the center of a daric line in die first 
mask. 

2. The line-on-line stiucture of Claim I, when using a positive resist; the 
daik lines in the first mask being wider than die clear lues in ti^ 

3. The UneH>n-luie structure of Claim 1, iOim vmg a n^ative resist die 
daA lines in die first inaA bemg nanovw dian die clear 1^ 

4. The line^m-line stracture of Chum 1 , ^fAeiein die plurality of dear lines in 
die first mask are ideiidcal or substantiaUy identipal to one anodier, and Ylbatisi die 
plurdity of die dark Imes m die first nuBk are identicd or substanfi^^ 

anoth^. diereby die combination of clear lines and datk,lines in die first mask producii« 
a rq)etitive pattern on die first mask. 

5. The line^n-line structure ofClaiml.whcrem die plural 
die first mask being wider dian die plurality dark lines in die second mask. 

12 
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6. tlLeiiiie<)n-lmestnictureofClEdml»wfaeEem 

the fiist mask being narrower flian tbe plurality of clear lines in the second mask. 

7. The UneK)n-line structure of Claim 1, vriieretn a first dark line m die 
pluraUty of dark lines in the second mask having a left edge and a right ^ 

5 a fitst dark line in the plurality of dark Imes in tfie first mask hawng a left edge and a ri ght 
edge. 

8. The Iine-in-4ine structure of Qaim7yfurdiercon]prisipg 

a di distance measuring a gap fiom tbe left edge of the first dark line in the 
second mask to die left edge of the first dark line in the second mask; and 
20 a da distance measuring a gq> fiom the right edg^ of the first dark line in 

die second mask to die ri^ edge of the first dark fine m die first 

9. The line^-line structure of Claim 8, Trtiereia the fist dark fine in die 
second iiiask is in the center Of the first dark line in die first inask if di B d^^ 

10. The lineon-line structure of Clahn 8, vAerein die first dark line in die 
15 second mask shifts to the rig|it of the first dark line in the first mask if d| minus 4z 

produces a positive number. 

11. The line-on-line structure of Claim 8, wherein die first dark line in the 
second mask is shifts to the left of the first dark line in die first mask if d| minus dj 
produces a negative number. 

20 12. A line-in-line structure, comprising: 

13 
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a fiist mask having a plundi^ of dadc lines and a pluialit/ of dtear iines» 
each dark Une being placed aic^aoeot to dear line^ 

a second mask having a plurality of daik lines and aplurality of clear lines, 
each dear line in flie second mask being placed m the ceo^ 
5 mask. 

13. The line-in-line ^tmctiiie of Claim 12, vibea using a positive resist, the 
pluialiiy of dear lines in tte firist miask bdng wid^ than lbs phitaUty of dark Unes in ihe 
first'mask. 

20 14. The liile-in-line stnictiue of Claim 12, vAen us 

plurality of dear lines in tiie first mask being narroiivertiian the plurality of dear Kni>g ja 
^firstmask. 

15. The linis-inrlme structure of Claim 12, \^erein the plurality of clear Unes 
in &e first mask are identical or substantially identical to one anotiier, and iwheiein flie 

IS daik lines in the ftetniask are ideoticd or substantiaUy identic^ 

the combuicafion of clear lines and daik lines in the fust niask pcodudng a repetitive 
pattern on the first mask. 

16. Hit line-in-line structure of Claim 12, herein the plurality of dark lines 
in die first mask bemg nam)wer than tiie plurdity daik lines of the se^ 
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17. Tlie Ime-m^e Structure of Clu^ 
in the fint miadk being wider Aan die plurality of clear lines m Oe second masks. 

li. The liae-in^line structure of Claim 12, wberdn a IBrst dear line in Ae 
plurality of clear lines in the second mask having a left edge and a rifjlit edge, and 
5 tvheiein a first dear line in the plurality of clear lines in the first mask having a left edge 
andari^edg^ 

19. tbelinjMO-lihestnictuieofClcim 

a Xt distance measuring a gap fi:om the left edge of Oe first clear line in 
the second mask to &e left edge of (he first clear line in die first liiask; and 
20 a X^ distance measuring a gap fiom the ri^t edge of the first dear line in 

the second nuuk to the rif^t edge of tiie ficdt clear lu&e in the first m^ 

20. The litie-m-line structure of Claiin 18, ^rheidn the fiiist dear line in die 
second £dask ism the centa of the first clear line in the &stin^ 

y ^ 

21. The fine-in-line structure of Claim 18, wfaeran the fiutst dear line in the 
IS . second mask is shifts lo the right Of the first clear fine in the fitst mask if X| aisAis Xi 

product a positive nutfiber. 

22. The Une-m-lme stnictiire of Claim 18, wherein the first dear line in die 
second mask is shifts to the right of the first dear line in the first nui^ if X| minus X2 
produces a poati ve number. 

20 23. A method for multi^rientatiori of orAogonal pairs, comprising: 

15 
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placing a gEating; and 

shining a Uglbt on diie gFating whereb the li^ is not popendicular to die 
orientatidn of the gcating. 

24. The method for multi-orientation of orthogonal pairs of Claim 23» wherein 
the orientation of Ae grating forms a positive slope. 

25. The method for multi-oiientation of orthogonal pairs of Claim 23, wherein 
the ori^tation of the grating forms a negative slope. 
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